We conducted a study on the control of mosquitos on Chisi Island in Lake Chilwa from August to November, 2006. The aim was to compare the cost and efficacy of deltamethrin, a pyrethroid based insecticide, when used in insecticide treated nets (ITN) and when used in indoor residual spray (IRS). Thirty village huts were enrolled in the study. Fifteen were systematically selected in a stratified manner and sprayed with deltamethrin following manufacturers' standard application procedures of 0.02g/m 2 . The remaining fifteen were provided with ITNs. In both groups deltamethrin KO tabs were used. Pyrethroid knockdown (PKD) spray was used for indoor rest captures in the houses monthly for three months. Houses treated with IRS had significantly reduced number of mosquitoes resting indoors than houses provided with nets (p<0.05). Based on the prevailing market price of MK550 each, the cost of five nets was calculated as MK2750.00 per house hold of five compared to five 20g knock-out tablets costing MK300.00 using IRS. The cost of IRS is 10 times cheaper than ITN. These results suggest that it is cheaper and more effective to use deltamethrin in IRS than in ITN.
Introduction
Indoor residual spraying (IRS) involves the application of insecticides to inside walls or shelter in the areas where the vectors (mosquitos) are strongly endophilic. Insecticides which are used in IRS include cyfuthrin and lambdacyhalothrin. 1 In practice, the effectiveness of IRS for malaria control depends on the adherence to the specified insecticide application procedure criteria and public acceptance. Deltamethrin is not an environmentally persistent chemical with low toxicity levels in humans, and can be applied by any person with minimal training of less than 15 minutes. The low price, ease of use and availability of KO tabs distributed for ITN treatment makes deltamethrin accessible for rural populations. However ITNs only provide protection during sleep and requires all members of the household possess a net while IRS can reduce contact with the vector through out the house at any time 2 . ITN reduce malaria by 60% 3 however free net distribution does not guarantee the appropriate use and utilization by the most vulnerable members of the households 4 . A combination of ITN and IRS to reduce mosquito-host contact would therefore be an efficient malaria control tool.
Insecticides that have been widely used in IRS are pyrethroids, organophosphates, Dichloro -diphenyl -trichloroethane (DDT). DDT is cheap and of relatively low toxicity to In the use of the insecticide treated nets a number of procedures need to be followed. The nets are impregnated with inexpensive and long lasting pyrethroids. Success of bed nets protection is dependent on the age of the users and the sizes of the nets available 6 . If the ITNs are used properly, at a higher level of coverage, the vector-host contact is reduced because the effect of the insecticide in the net extends even to non users of the net in the same house 4, 7 . For effect of ITNs to extend to non users there is a need of at least 50-60% ITN coverage in order to achieve community effects 8 .
The transmission rate of malaria is highest in rural areas where purchasing power is the lowest making implementation of ITNs in Malawi challenging 9 . The ownership of the nets is related to the economic status of households. Blue conical nets are sold to distributors at 20% above direct product cost. Adding the incentive margins for the distributors, the consumers price of the ITNs is equivalent to $6.00 (blue conical) $2.10 (rectangular). The insecticide kit is sold at a 60% subsidy.
ITNs require regular re-treatment with insecticide this also poses a problem to the uptake of ITNs. To overcome this Long Lasting Insecticide Treated Nets (LLINTs) that do not require any re-treatment through out their life span have been introduced. The life span of the net itself is another obstacle in the control of malaria, even for LLITNs 10 .
It has been reported that net distribution programs fall short of ensuring that the nets are used , kept appropriately, and the often the most vulnerable members of the households do not benefit from the use of the nets 11 .
Our aim was to analyse the efficacy of deltamethrin KO tab when used in IRS and in ITNs in rural Malawi and establish the most cost effective yet efficant use of deltamethrin in malaria vector control.
Methods

Study Area
The study was conducted in Chisi Island from August to November, 2006. Chisi is one of the islands in Lake Chilwa with a population of over two thousand people 12 .
A total of 30 households were enrolled for the study. Every house was assigned a numerical identification number. Households were randomized and were screened for use of ITNs. 15 were identified for ITN use the other 15 houses for IRS. This was a normal vector control activity by Zomba District Health office in conjunction with Chancellor College. All treatment resources (Deltamethrin and ITNs) were provided by Zomba DHO's office and data collected as a monitoring tool on the efficacy of treatment. Being a routine survey to generate data for monitoring there was no need for (1) The conical net was used because it is the only one
sold at an open market commercial value without any subsidy. (2) The value of the sprayer was ignored since a common hand held sprayer was used therefore there is no need for the purchase of a specialised sprayers like a Hudson sprayer. Considering the average household size of 5 individuals 14 all using treated nets. The cost of a blue conical net and deltamethrin tab at market value was MK850 and MK30 respectively, then: 5 x 550.00 = 2750.00 per homestead. 5 x 50.00 = 250.00 per homestead Total cost of to the household to have treated Nets= 2 or to a point of run-off. The walls were sprayed evenly in vertical spray pattern, spraying from top to bottom of all internal walls ensuring even coverage.
Insecticide Treated Nets
Deltamethrin treated nets were distributed to members of the 15 selected households. Deltamethrin was applied at the target dosage of 0.02g/m 2 on nylon bed nets.
Indoor resting catches
Study huts were prepared for post treatment indoor catches every fort night there after. The rooms were prepared for knock down sprays (KDS) using a white sheet to cover the floor and all flat surfaces of the remaining furniture whilst ensuring the slightest disturbance of the mosquitoes resting indoors. Aerosol pyrethroid spray was used to knock down mosquitoes. Fifteen minutes after spraying, mosquitoes were collected from the white sheet and counted. Statistical tests used between treatments: Mann-Whitney and test within treatment (monthly comparison): Wilcoxon test.
Results
On average, the households treated with IRS depicted significantly fewer mean numbers of mosquitoes than those with ITNs allocation (Wilcoxon tests give p-values of less than 5% in all the three months) ( 
Cost Analysis
Calculations: Note: Figure 1a and 1b The mud huts of Chisi Island enrolled in the study. 
MK3000.00
Cost of IRS using deltamethrin for an average of 2 roomed house typical for 5 individual house hold Number of deltamethrin tablets required to spray 2 rooms of 2m x 3m x 3m: 33sq m (include roof area of 3m x 3m) 2 rooms: 33 x 2=66 Number of deltamethrin KO tabs required: 66m sq/16 m sq =4 plus 2 KO tabs for in-house partitions and roof = 6 KO tabs will be required. Cost for spraying all rooms in the three bed roomed house: MK50 x 6=300.00 Ratio of using ITN to IRS: 10: 1
Discussion
IRS treatment was significantly better than ITN at reducing number of mosquitoes. No baseline data before intervention was collected which would have allowed comparison with the untreated situation as such indoor rest catches were not employed beyond the household.
The means in table 1 seem to suggest increasing number of mosquitoes on average when we move from month 1 to month 3, and it is not really a significant trend with those treated with ITNs though there seem to have been a Figure 4 Picking knocked down mosquitoes significant increase in IRS treatment between the first and the third month. This is supposedly due to loss of efficacy with time, which can be attributed to the insecticide being affected by the construction materials of the houses. Deltamethrin residual effect is ten to twelve weeks
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. The t-test result of 0.018 (significance 0.5) suggests that the use of deltamethrin in IRS can result in higher efficiency than its use in ITNs. Deltamethrin is more effective in the control of indoor resting mosquitoes as indicated by the reduction in number of indoor resting catches in houses sprayed with deltamethrin(figure 5).
The location of houses did not have an effect on the results as indicated by figure 2 where other effects such as weather, affected the treatments in the same way as reflected by total decreases or increases in catches in both treatments.
Comparison of cost of using Deltamethrin in IRS and in ITNs
The cost of malaria control through use of nets is higher than for IRS and maybe beyond the purchasing power of a greater proportion of Malawi's population 14 . An average household in the area consists of 5 individuals 14 . We found that the use of deltamethrin in IRS is cheaper than when used in the ITNs for one year. According to the results, for a house with five individuals to be protected from malaria they need at least K3000.00 if they use ITNs and the same house with an average number of two rooms needs K300.00 if they use IRS. Use of deltamethrin in IRS is 10 times cheaper than the use of ITNs. It is therefore evident in this case that the use of deltamethrin as in IRS as indicated can be the feasible alternative for malaria control in Malawi and can help in reducing mortality associated with malaria in rural areas.
Conclusion
Use of deltamethrin in ITNs is costly because the main functioning component is not the net it self but the insecticide the net is impregnated with. It is therefore suitable and economic to use deltamethrin in IRS for malaria control in rural Malawi particularly since a majority of people in rural areas have a low purchasing power. 
